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ECHO CANCELLATION 

TECHNICAL FIELD OF THE INVENTION 

The present invention generally relates to cancellation of 
echoes in telecommunications systems, more speci?cally it 
relates to adaptive alignment of linear ?lters used for echo 
cancellation. 

TECHNICAL BACKGROUND AND PRIOR ART 

Speech quality is an important factor for telephony system 
suppliers. The demand from the customers makes it vital to 
strive for continuous improvements of the systems. An echo, 
Which is a delayed version of What Was originally transmit 
ted, is regarded as a severe distraction to the speaker if the 
delay is long. For short round trip delays of less than 
approximately 20 ms, the speaker Will not be able to 
distinguish the echo from the side tone in the handset. 
HoWever, for long-distance communications, such as satel 
lite communications, a remotely generated echo signal often 
has a substantial delay. Moreover, the speech and channel 
coding compulsory in digital radio communications systems 
and for telephony over the Internet protocol (IP telephony, 
for short) also result in signi?cant delays Which makes the 
echoes generated a relatively short distance aWay clearly 
audible to the speaker. Hence, canceling the echo is essential 
in order to maintain the speech quality. 

There are different types of echoes that occur in a tele 
phony system. One type is netWork echo that origins from 
impedance mismatch in hybrid circuits employed in the 
public switched telephony netWork (PSTN). Hybrids are 
used in order to connect betWeen the tWo-Wire link and 
four-Wire link in the PSTN system. Since it is practically 
impossible to-perfectly tune the hybrids, the impedance 
mismatch Will result in that some of the incoming speech is 
re?ected back to the talker as a delayed and distorted version 
of the original speech. The re?ected speech is denoted 
netWork echo. The occurrence of netWork echo is illustrated 
in FIGS. 1 and 2. 

Another type of echo is echo originating from the use of 
hands free equipment With external loudspeaker(s) and 
microphone(s), so called acoustic echo. This type of echo 
has the property that the echo path changes continuously due 
to changes of the environment. The person talking on the 
phone may most likely change position as least to some 
extent during the call. The echo path is also highly non 
linear, due to the characteristics of the room and the equip 
ment, such as the loudspeakers. The occurrence of acoustic 
echo is illustrated in FIG. 3. 

With the introduction of end-to-end IP telephony, the 
hybrids in the sWitches, introducing the netWork echo, 
disappear. It can be expected that it Will take a considerable 
time until all telephones are replaced by IP telephones, if 
ever. Until then it Will be necessary to have echo cancellers 
removing the netWork echo generated in the PSTN netWork. 
Furthermore, as long as digital radio communications net 
Works are interconnected With PSTN netWorks, echoes gen 
erated in the PSTN netWork Will have to be removed. Also, 
the acoustic echo Will alWays remain, due to its physical 
connection. 
An echo canceller typically includes a linear ?ltering part 

Which essentially is an adaptive ?lter that tries to adapt to the 
echo path. In this Way a replica of the echo can be produced 
that can be removed from the received signal originating 
from the end at Which the echo source is located, thereby 
canceling the echo. The ?lter generating the echo replica has 
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2 
a ?nite or in?nite impulse response. Most common it is an 
adaptive, linear ?nite impulse response ?lter (FIR) With a 
number of delay lines and a corresponding number of 
coe?icients, or ?lter delay taps. The coefficients are values, 
Which When multiplied With delayed versions of the ?lter 
input signal, generate an estimate of the echo. The ?lter is 
adapted, i.e. updated, so that the coefficients converge to 
optimum values. The traditional Way to cancel out the echo 
is to update a ?nite impulse response (FIR) ?lter using the 
normaliZed least mean square (NLMS) algorithm, although 
a variety of alternative algorithms exist. 
A problem arises from the fact that an entire echo path 

response includes one part due to signal propagation time, 
speech and channel coding etc., forming a pure delay, and 
one part due to the actual echo source. Thus, if the echo 
replica ?lter Were to model the entire impulse response of 
the echo path, a great number of coe?icients Would be 
needed in order to also handle the included pure delay. This 
in turn Would put very high, and often unrealistic, require 
ments on memory and computation capabilities for imple 
menting the ?lter and its operation. Also, the coe?icients of 
such a ?lter Would converge much sloWer to their optimum 
values. 

Thus, during echo cancellation it is desired that the echo 
canceller estimates the pure delay of the entire impulse 
response of the echo path in such Way that the ?lter 
coe?icients are adapted to the part of the entire echo that 
originates from the actual echo source. This procedure may 
be described as a time alignment of the ?lter to the echo 
source. In this Way the number of coe?icients of the ?lter can 
be kept to a reasonable and practicable level. 
US. Pat. No. 4,582,963 discloses a method for echo 

canceling in Which a bulk delay is provided separately from 
adaptive ?lter delays. Different methods for selecting a 
suitable bulk delay are described. One method is to detect 
hoW long it takes for an echo of a signal transmitted on the 
receive line of the echo source to occur on the transmit line 
of the echo source. A number of estimates of the bulk delay 
is provided and the selected bulk delay is given by the 
estimate Which is most closely clustered With the other 
estimates. Another method is to iteratively increment the 
bulk delay, Wherein each delay value is combined With the 
?lter to give a measure of adaptation. The bulk delay is then 
chosen as the delay for Which the measure of adaptation 
approaches a peak value. 
US. Pat. No. 5,920,548 discloses the con?guration ofan 

adaptive ?lter in such Way that only a range of ?lter taps 
betWeen tWo tap endpoints is involved in the echo cancel 
lation operation. All taps less than a ?rst boundary tap serve 
as a buffer during the echo cancellation operation. The ?rst 
boundary tap is selected as the tap being a certain number of 
taps less than a located tap that has a value With predeter 
mined factor greater than a certain predetermined value. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method 
and an apparatus that continuously, With loW numerical 
complexity, monitors the pure delay of a re?ection included 
in an echo signal, and adapts the use of linear ?lter coe?i 
cients in accordance With this pure delay When canceling the 
echo. 

According to the present invention, this and other objects 
are achieved by a method of an echo canceller according to 
claim 1, a computer-readable medium according to claim 18, 
an echo canceller according to claim 19, a system apparatus 
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according to claim 30 and use of an echo canceller according 
to claim 31, Which claims represent different aspects of the 
invention. 

According to the invention, it is continuously determined 
if a re?ection replica delay included in an echo replica 
signal, Which delay is provided by a signal bulfer, should be 
attempted to be increased or not, as Well as being continu 
ously determined if the re?ection replica delay should be 
attempted to be decreased or not, in order to provide a delay 
of the re?ection replica Which corresponds to the pure delay 
of a corresponding re?ection included in an echo-signal 
received over an echo path. 
By continuously monitoring the echo re?ection delay and 

determining if the replica delay should be increased or not, 
or decreased or not, and if so increasing or decreasing the 
present replica delay, the coe?icients of the linear ?lter is 
used in an e?icient Way and the number of needed coe?i 
cients, and hence required memory, is reduced. Furthermore, 
With this operation the time of convergence for the ?lter and 
its coe?icients Will be reduced. 

The echo path of an echo may vary during a telephone 
call, for example due to a call transfer. Also, the echo source 
itself may vary during a call. For example due to a change 
of phone device during the call, a third party connecting to 
the call, variations of the hybrid in the device used (eg 
affected by temperature) and so on. During acoustic echo the 
echo Will be affected by movement of the device in a room 
and changes in the distance betWeen a loudspeaker and a 
microphone of the device etc. 

Also, if PC based terminals are used, the echo may also 
be affected by a clock drift in A/D and D/A devices primarily 
used by PC soundcards, or by telephony application delays 
in a PC environment if the application is not allocated 
enough processor time due to the higher priority given to 
other applications running in the same PC environment. 

The invention is advantageous since the ?lter Will con 
tinuously and quickly adapt to changes in the echo path, or 
changes of the echo caused by the echo source or its 
environment, by continuously increasing or decreasing, in 
an incremental and smooth manner, a present replica delay. 
This smooth delay adjustment, or re-alignment of the ?lter, 
also has the advantage that distortions of the generated echo 
replica due to re-alignments are minimiZed. Thus, the time 
of convergence of the ?lter coe?icients during a re-align 
ment of the ?lter due to changes of the echo delay Will be 
performed With extreme e?iciency, While at the same time 
minimiZing any distortions due to the re-alignment. Also, the 
invention performs the delay adjustments Without having to 
monitor an excess number of ?lter coe?icients, thus keeping 
the numerical complexity loW. 

Another advantage With the invention is that the continu 
ously monitoring enables the echo cancellation process of 
the invention to better cope With echoes Where the high 
energy levels are concentrated to several separated parts, 
thus forming several separated energy concentrations. These 
separated energy concentration may be the result of the 
characteristics of the echo source or of a distributed echo 
path in Which the echo originates from multiple re?ections. 
The invention enables the coe?icients of the ?lter to cover 
the major part Where the energy of the echo response is 
concentrated by adapting the buffer delay used for estimat 
ing the pure delay during echo cancellation in such Way that 
the ?lter delay taps cover these parts in a more favorable 
Way. 

For example, With tWo separated energy concentration 
parts in the echo impulse response, the delay may be tuned 
in such Way that the ?lter coe?icients corresponding to long 
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4 
delays Will cover a second part of the echo signal With high 
energy levels, While the ?lter taps providing short delays 
Will cover as much energy as possible of a ?rst part of the 
echo signal With high energy levels, thus leaving out the very 
beginning of the ?rst part from the ?lter. 

According to an embodiment of the invention, the echo 
cancellation is based on tWo or more linear ?lters, each ?lter 
generating a replica of a corresponding re?ection energy 
concentration included in an echo based on a corresponding 
delayed input signal from a buffer. Thus, the different ?lters 
of the echo canceller are adapted to the different delays of 
different energy concentrations of a re?ection. In this Way 
the invention enables an even more improved cancellation of 
echoes that include tWo or more separated energy concen 
trations. 

According to another embodiment, the basis for increas 
ing the replica delay provided by the buffer is a relationship 
betWeen the energy, measured as sum-squares of ?lter 
coe?icients, of the beginning of the ?lter associated With 
short delays and the energy of the full length ?lter, i.e. the 
estimated echo return loss. If the energy measured in the 
beginning of the ?lter is loW, the delay is increased. Corre 
spondingly, if the energy measured for the coe?icients of the 
tailing part of the ?lter is loW in comparison With the energy 
of the full length ?lter, the delay is decreased. By measuring 
the beginning and tailing part, eg the ?rst and the last 
quarter, respectively, of the ?lter coe?icients, rather than for 
example the early half and late half, respectively, the align 
ment process of the invention achieves an improved reso 
lution. Furthermore, the alignment process of the invention 
Will, before re-alignment, knoW hoW much energy that Will 
be lost if an increase/decrease operation excludes a begin 
ning/tailing part of the coe?icients from the echo replica. If 
this energy to be excluded is considered to be to high, the 
?lter is simply not re-aligned. This also provides an 
improved Way of controlling the re-alignment process, as 
compared to if this process Were to be based on, for example, 
maximum correlation measurements betWeen the echo rep 
lica and the true echo impulse response. 

Yet another advantage is that the operation of the echo 
canceller in accordance With the invention does not require 
any searches for function maxima or correlation calculations 
during alignment and re-alignment of the ?lter coe?icients. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 and 2 illustrate the occurrence of netWork echo; 

FIG. 3 illustrates the occurrence of acoustic echo; 
FIG. 4 shoWs a typical knoWn echo canceller forming the 

basis for an exemplifying embodiment of the present inven 
tion; 

FIG. 5 shoWs a schematic vieW of an echo canceller in 
accordance With an embodiment of the invention; 

FIG. 6 shoWs a state diagram illustrating the overall 
operation of controlling a delay When canceling an echo in 
accordance With an embodiment of the invention; 

FIGS. 7 and 8 illustrate exemplifying positionings of a 
linear ?lter and its coe?icients after having been aligned to 
an echo impulse response in accordance With the invention; 

FIG. 9 shoWs a linear ?lter With ?nite impulse response 
Which exempli?es the ?lter indicated in FIG. 5; 

FIGS. 10, 11 and 12 illustrate an exemplifying decision 
logic realiZing the state diagram shoWn in FIG. 6; and 

FIG. 13 shoWs an embodiment of the invention in Which 
multiple short linear ?lters are employed. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIGS. 1-3 exemplify different types of echoes Which 
advantageously are cancelled by the present invention. 

FIGS. 1 and 2 illustrates the occurrence of netWork echo. 
FIG. 1 shoWs the echo originating from a hybrid to Which a 
subscriber by means of a 2-Wire line is connected, ie the 
echo from the Public SWitched Telephone Network (PSTN) 
line interface to Which the subscriber is connected. FIG. 2 
shoWs tWo PSTN phones interconnected via one or more 
networks, such as via satellite transmission paths, an IP 
netWork or a radio netWork. The signal from subscriber A is 
partly re?ected at Hybrid B and returned to subscriber A as 
a netWork echo. SubscriberA Would also receive a netWork 
echo if he Were to be directly connected to a IP netWork or 
a radio netWork, such as a digital cellular communications 
netWork. 

FIG. 3 shoWs the occurrence of acoustic echo due to cross 
talk betWeen a loudspeaker and a microphone of a handset 
or a hands free equipment. 

FIG. 4 shoWs a typical knoWn echo canceller Which 
general structure and operation also form the basis for an 
exemplifying embodiment of the present invention. 

With reference to FIG. 4, the echo canceller consists of a 
linear ?ltering part 100 and a non-linear part 200. A far end 
signal 190 generated at the far end and transmitted to the 
near end is input to the ?ltering part 100. The ?ltering part 
100 is essentially an adaptive ?lter that tries to adapt to the 
echo path. In this Way a replica 110 of the echo 140 can be 
produced, Which can be removed from the returning signal 
120. The echo canceller also includes a control unit 230, 
Which supervises the update of the linear ?lter 100, the 
actions of the non-linear part 200 and an arti?cial noise 
generator 220. 

The ?ltering part 100 is not able to describe the charac 
teristics of the hybrid 210 perfectly, even When Well con 
verged. Thus, there Will be some remaining echo after the 
?ltering part included in the signal denoted 130. Even When 
the attenuation of the echo is high, for example 25 decibels, 
the echo Will be audible to the far end speaker. In order to 
deal With this, the non-linear part 200, implemented as a 
non-linear processor (NLP), is designed to remove the 
remainder echo. Accordingly, the NLP should detect and 
remove the remaining echo in the signal 130 When the 
residual echo is audible. The residual echo is given by the 
difference betWeen the echo 140 from the hybrid and the 
echo replica 110. Of course, the NLP shall not affect the near 
end signal 170, originating from a near end speaker, that has 
to be transmitted Without distortion through the NLP 200. 
An NLP usually estimates correlation betWeen different 
signals, and in this Way decision is taken if there is any echo 
to remove. 

In a simpli?ed description the NLP may be a center 
clipper Which simply cuts the loW energy residual echo. 
Thus, after the remaining echo has been removed by the 
NLP, there Will be sections of silence in the remaining signal 
150. For this reason arti?cial noise 160, resembling the 
background noise of signal 170 from the near end, is 
constructed and inserted by an arti?cial noise generator 220 
into the silent periods of signal 150. The resulting signal 180 
is then, under the assumption that the injected noise 160 has 
the same characteristics as the real background noise of 
signal 170, supposed to sound Well. 
The control unit 230 supervises the actions of the ?lter 

update scheme, the NLP and the arti?cial noise injection. It 
hence has a signi?cant impact of the overall performance of 
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6 
the echo canceller. Regardless of What underlying ?lter 
updating scheme that is chosen, the control logic decides 
When to permit update of the ?lter parameters in ?lter 100. 
The signals that are knoWn to the control unit are, With 
reference to FIG. 4, the error signal 130, the estimated echo 
110, the far end signal 190 and the near end returning signal 
120 containing the echo signal 140 and the near end speech 
signal 170. From these measurements, the energy levels of 
the far end and the near end can be estimated. The noise 
level in the far end and the near end, respectively, are also 
needed. It is of great importance that the control unit is able 
to detect double talk, Which is the occurrence of simulta 
neously speaker activity at both ends of the telephony 
connection. 

Basically the functionality of the control logic is as 
folloWs. Adaptation of the linear ?lter 100 is alloWed When 
all of the folloWing conditions are ful?lled: 

far end signal 190 has suf?cient energy amount; and 
near end signal 170 is of loW level. 
Further, adaptation is prohibited When any of the folloW 

ing conditions are met: 
far end signal 190 is of loW level; 
speech in near end signal 170 is of high level; 
double talk is present, that is simultaneously speaker 

activity by both the far end and near end speaker; or 
background noise in near end signal 170 is of high level. 
With reference to FIG. 5 an schematic vieW of an echo 

canceller in accordance With an embodiment of the inven 
tion is shoWn. The echo canceller includes a linear ?lter 500, 
a buffer memory, or signal buffer 510 and control logic 
means 520. Any non-linear ?ltering part or arti?cial noise 
generator, or other elements usually present in an echo 
canceller, are not shoWn in FIG. 5, but may still be included. 
Depicted in the ?gure is also a hybrid 530 generating the 
echo Which is to be cancelled. 
The control logic means 520 is depicted in FIG. 5 as being 

connected to the buffer for the purpose of controlling the 
delay of a far end signal 190 conveyed by the buffer memory 
510 to the input of the ?lter 500 as a delayed signal 195. The 
control logic means 520 includes ?rst control logic circuitry 
and second control circuitry designed partly for determining 
if attempt should be made to increase the delay of the signal 
195 conveyed to the ?lter 500, partly for controlling the 
actual operation of increasing the delay. 

Correspondingly, the control logic means 520 also 
includes second control logic circuitry designed partly for 
determining if attempt should be made to decrease the delay 
of the signal 195 conveyed to the ?lter 500, partly for 
controlling the actual operation of decreasing the delay. 

Preferably, the ?rst and second control circuitry are 
designed to attempt to increase and decrease, respectively, 
the delay When the signal denoted “error” exceeds a respec 
tive predetermined threshold. As described above this error 
signals is indicative of a difference betWeen a received echo 
signal 120 and the echo replica signal 110 produced by the 
?lter 500. Alternatively, or in addition, the ?rst and second 
control circuitry attempt to increase/decrease the delay at 
regular intervals de?ned by one or more included timers. 
The ?rst control circuitry includes circuitry means for 

calculating the sum-squares of a ?rst set of ?lter coe?icients 
associated With short delays, such as the beginning quarter 
of the coef?cients, and relating this measure With the cal 
culated sum-squares of a second set of coef?cients repre 
sentative of the full ?lter, typically corresponding to the echo 
return loss. If this relationship is beloW a ?rst predetermined 
threshold the delay of the signal 195 input to the ?lter 500 
is controlled to be incrementally increased. 
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Correspondingly, the second control circuitry includes 
circuitry means for calculating the sum-squares of a third set 
of ?lter coef?cients associated With long delays, such as the 
tailing quarter of the coefficients, and relating this measure 
With the calculated echo return loss. If this relationship is 
beloW a second predetermined threshold the delay of the 
signal 195 input to the ?lter 500 is controlled to be incre 
mentally decreased. 

It should be understood that the described ?rst and second 
control circuitry suitably are implemented by means of a 
digital signal processor (DSP) or some other suitable pro 
cessing hardWare means, such as a microprocessor or one or 
more application speci?c integrated circuits, Which hard 
Ware is designed and con?gured for execution of program 
instructions so as to operate in accordance With the method 
of the present invention. Furthermore, the implementation of 
a linear ?lter and buffer memory for delaying a signal to the 
linear ?lter by means of appropriate memory circuits is Well 
knoWn to the person skilled in the art. 

With additional reference to FIG. 6 a state diagram 
illustrates the overall operation of controlling the delay of 
the signal 195 provided to the input of the ?lter 500 by the 
signal buffer 510. The operation complies to a state diagram 
typically having three different states for controlling the 
positioning of the ?lter, an increase state 600, a decrease 
state 610 and an idle state 620, Wherein each state indicates 
a corresponding mode of operation. The transitions betWeen 
the different states are determined, in an exemplary embodi 
ment, in accordance With the How charts shoWn in FIG. 10, 
FIG. 11 and FIG. 12. 

As long as the state machine is in the idle mode 620, there 
are no actions taken to adaptively align the ?lter. Transitions, 
or mode sWitches, from the idle mode 620 to the increase 
mode 600 and the decrease mode 610, respectively, are 
determined based on timers or if certain events are detected. 
A typical example of such events is any event that can be 
associated With a change of the echo path delay, such as a 
detected difference betWeen a received echo signal 120 and 
the generated echo replica signal 110. If an echo path change 
is detected the state machine is reinitialiZed in accordance 
With the process shoWn in FIG. 10. The detection of an echo 
path change can be implemented as a test in the process of 
FIG. 10, a test Which is incorporated prior to the counter 
value test 710. Initially it may be advantageous to force the 
state machine into increase mode in order to speed up the 
initial behavior of the echo canceller. 

As long as the state machine is in increase mode 600, the 
control logic circuitry 520 of the invention tests if the delay 
of signal 195 can be increased relative to the far end signal 
190. The delay of signal 195 relative to far end signal 190 
is increased until a maximum pre-set delay determined by 
the siZe of the buffer 510 is reached (set by the scalar 
MAXDELAY in the test 750 in FIG. 11), or until energy is 
measured in the ?rst set of coefficients in the adaptive ?lter 
500 (test 725 in FIG. 11), or until a certain time period has 
expired (test 710 in FIG. 10). According to FIG. 6, the state 
machine then sWitches back to idle mode 620. 

As long as the state machine is in decrease mode 610, the 
control logic circuitry 520 of the invention tests if the delay 
of signal 195 can be decreased relative to the far end signal 
190. The delay of signal 195 relative to far end signal 190 
is decreased until a minimum pre-set delay determined by 
the siZe of the buffer 510 is reached (set by the scalar 
MINDELAY in the test 740 in FIG. 11), or until energy is 
measured in the last set of coef?cients in the adaptive ?lter 
500 (test 715 in FIG. 11), or until a certain time period has 
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8 
expired (test 710 in FIG. 10). According to FIG. 6, the state 
machine then sWitches to idle mode 620. 

Clearly, the scalar MINDELAY representing the mini 
mum delay of signal 195 relative to the far end signal 190 
is greater than or equal to Zero. The scalar MAXDELAY is 
greater than MINDELAY, and typically corresponds to a 
delay of the order 64 to 256 ms. 

To alloW faster time tracking of the true delay it may be 
advantageous to let the thresholds of the timers be reduced 
if the magnitude or the poWer of residual error exceeds a 
certain threshold. For example, such test can be placed prior 
to test 760 in FIG. 12. If the test is positive, that is the 
magnitude of the residual error exceeds a certain threshold, 
then VALUE4 is reduced by half. After proper alignment of 
the ?ler, VALUE 4 is reset to its initial value. If this measure 
of the residual error exceeds a higher threshold it may be 
taken as a sudden change of echo path. The echo canceller 
is then re-initialiZed, i.e. the process again starts at step 700 
in FIG. 10. 

Referring again to FIG. 5, the echo canceller make use of 
a calculated measure of the echo return loss (ERL), Which 
describes the attenuation of the echo due to the properties of 
the hybrid 530. For a far end signal 190 of level Px in 
decibels, the level of the echo 140, is roughly given by the 
difference Px-ERL [dB]. The sum-squared-?lter taps, or 
coef?cients, of the linear ?lter 500 produces an estimate of 
the ERL. 

With reference to FIG. 9, the linear ?lter to Which the 
delayed signal 195 is input is shoWn in more detail. The 
design of this ?lter per se is knoWn to the skilled person. The 
estimate of the ERL is given by the sum of the squared ?lter 
Weights h[O], h[l], . . . , i.e. the sum squares of the ?lter 
coef?cients. By the linearity of the summation operator, the 
estimate of the ERL can be calculated as the sum of three 

terms, Where: 
The ?rst term is the sum of a ?rst set of squared ?lter taps. 

BeloW, this ?rst term is denoted SUB_ERL_HEAD. 
The second term is the sum of a set of squared ?lter taps 

in the middle of the ?lter. 
The third term is the sum of a third set of squared ?lter 

taps. BeloW, this term is denoted SUB_ERL_TAIL. 
With the ?rst term being the sum-squared ?lter taps of the 

?rst part of the ?lter, it corresponds to the energy in the head 
of the ?lter, Which part is associated With short delays. 
Accordingly, if the ?rst term is close to Zero, meaning that 
the ?rst set of ?lter Weights are all close to Zero, it is 
reasonable to assume that the ?rst part of the ?lter (the head) 
adapts to a pure delay. Thus, test 725 in FIG. 11 can be 
formaliZed according to 

ERL>TRESHOLD1*SUBiERLiHEAD 

Where ERL is the estimated echo return loss, THRESH 
OLDl is a predetermined threshold value and SUB_ER 
L_HEAD is the sum of a ?rst set of squared ?lter coeffi 
cients. 

Typically, the number of ?lter taps in the ?lter 500, 
depicted in FIG. 5 and FIG. 9, is in the range 256 to 1024 
(32 to 128 ms at 8 kHZ sampling rate), and SUB_ER 
L_HEAD is calculated based on 32 ?lter taps (4 ms at 8 kHZ 
sampling rate). THRESHOLDI is typically 128, meaning 
that the energy in the beginning of the ?lter is approximately 
21 dB beloW the ERL. If the condition above is ful?lled 
there is no energy in the head of the ?lter and one is added 
the counter COUNTER_INCREASE (Action 726 in FIG. 
11). If COUNTER_INCREASE has been updated VALUE3 
times in sequence (test 728 in FIG. 11), the ?lter is adap 
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tively aligned so that the bulk delay determined by the buffer 
500 in FIG. 5 is increased by the same, or a smaller number, 
number of delays as used for calculation of SUB_ER 
L_HEAD under the control of the control logic 520. Clearly, 
there is an upper bound on the maximum alloWable delay 
determined by test 750. 

The ?lter alignment/re-alignment procedure described 
above Will increase the delay provided by the buffer until a 
certain amount of energy is detected in the beginning of the 
?lter With respect to the echo return loss. This amount is 
controlled by the predetermined threshold THRESHOLDI, 
or until a maximum preset delay determined by the scalar 
MAXDELAY. With reference to FIG. 5, the procedure 
strives to maximiZe the delay in the buffer 510. 

For one skilled in the art it is evident that a similar 
approach can be used in order to decrease the delay for 
proper re-alignment of the ?lter, i.e. by comparing the 
relationship betWeen the sum-squared taps of the tailing part 
of the ?lter and the ERL With a second predetermined 
threshold (THRESHOLD2). In a preferred embodiment, this 
is described by tests 715, 717 and 740 in FIG. 11. 

Re-alignment of the ?lter is performed smoothly by delay 
shifts of coe?icients in the ?lter 500. With the vector h 
indicating the impulse response produced by the ?lter, that 
is 

h:[h(0), . . . ,h(N-1)] 

then, a smooth transition for increasing the delay is per 
formed With the folloWing tWo steps 
a) doWnshifting of the impulse response, that is h[1]::h[1+ 
VALUE], Where VALUE is the introduced delay. This 
operation is performed for all integers 1 such that 
1:0, . . . , N-VALUE-l. 

b) resetting the N-VALUE last values to Zero, that is 
h[1]::0.0 for lIN-VALUE, . . . , N-l. 

For the opposite operation, that is in order to decrease the 
buffer delay, the tWo steps of the folloWing scheme are 
preferred: 
a) shifting of the impulse response, that is h[1]::h[1 
VALUE], Where VALUE is the value of the reduction of 
the delay. This operation is performed for all integers 1 
such that lIN-l, . . . , N-VALUE. Note here that h[l] is 

updated for decreasing values of 1. 
b) resetting the N-VALUE ?rst coe?icients to Zero, that is 

h[1]::0.0 for 1:0, . . . , N-VALUE-l. 

With reference to FIGS. 7 and 8, exemplifying position 
ings of the ?lter coe?icients, depicted as a “WindoW of the 
echo canceller” are illustrated after having been aligned to 
an echo impulse response in accordance With the invention. 
In these examples, as indicated in the ?gures, the ?lter has 
256 coe?icients. Thus making the number of coe?icients 
explicitly indicated in the ?gures merely illustrative. 

In FIG. 7 it can be seen that no ?lter coe?icients are 
associated the pure echo path delay, i.e. the WindoW of the 
echo canceller does not cover this pure delay, but the pure 
delay is estimated by the buffer 510 in accordance With the 
scheme of the invention. Indicated in FIG. 7 is also a set of 
coe?icients in the beginning of the ?lter, depicted as SUB_ 
ERL_HEAD, and a set of coe?icients at the tailing part of 
the ?lter, depicted as SUB3_ERL_TAIL. It is the sum 
squares of these SUB_ERL_HEAD and SUB_ERL_TAIL 
parts that during the alignment have been related to the 
coe?icients representative of the full ?lter, i.e. the echo 
return loss indicated in FIG. 7 as ERL. 

In FIG. 8 it can be seen that the ?lter has been aligned so 
as to cover an echo impulse response that includes tWo 
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10 
separated energy concentrations. It should be noted that in 
accordance With the scheme of the invention, the delay has 
been increased so as to fully cover the second energy 
concentration, While leaving out the very beginning of the 
echo impulse response since this part has very loW energy 
levels. It should be understood that this example is tailored 
to clarify the invention, and the example is of course 
dependent upon the positioning of the energy concentration 
in relation to the full length of the ?lter used. 
One skilled in the art may readily appreciate that the 

scheme of the present invention may be employed also for, 
so called, tWo path models or double ?lter structures Where 
tWo ?lters are employed. In such a set-up a foreground and 
a background ?lter, using different control logic arrange 
ments, models the echo path, thereby making the echo 
canceller more robust to double talk. The use of such double 
?lter structures is knoWn to the person skilled in the art. 
The complexity of an echo canceller is often directly 

proportional to the number of active coe?icients of the 
adaptive ?lter. The required length (number of coe?icients) 
of the ?lter depends on the hybrid (hybrids) or room 
acoustics in the echo path. Preferably, the echo canceller 
should alloW for multiple re?ections, in Which case one pure 
delay estimation most often Will not be enough since it often 
Will not be possible to select one pure delay that covers all 
re?ections. 
A solution that is attractive in terms of complexity is to 

use multiple short ?lters instead of a longer one. The delay 
estimation method outlined in this application is very useful 
in such scenarios. For example, a ?lter of length 256 may 
fail to provide a good results, but 2 ?lters of length 64 may 
provide a very good result. Thus, similarly to aligning one 
?lter to handle one pure delay, multiple ?lters are separately 
aligned to handle distributed echo paths Where the echo 
originates from respective multiple re?ection. Such a struc 
ture is exempli?ed in FIG. 13., Wherein the far end signal 
190 is input to the multiple ?lters denoted FILTER 1. M and 
the signal 110 is the generated echo replica signal. As 
apparent from the reference signs, FILTER 2 330 is also 
included in the draWing at a greater level of detail in order 
to exemplify the ?lters included by the multiple ?lter 
structure. In this respect, the echo path can be modeled by 
a ?rst part containing a delay and a re?ection, a second part 
containing another delay and re?ection, and so on. Once the 
?rst bulk delay and echo path have been identi?ed and the 
?lter accordingly has been aligned, the sequential alignment 
can be achieved in a similar vein. 

Thus, it is evident that method outlined above can be used 
to control and align multiple ?lters as Well a single ?lter. 
Another example of a Way to align such ?lters Would be to 
start With one ?lter of a maximum length, as limited by 
computational poWer. Then, the delay is increased until a 
maximum delay is found. The ?lter is then divided into tWo 
separate ?lters, each one using a separate delay estimate and 
alignment. Typically, the ?lter is divided in half. If the 
proposed method is used to align also a second ?lter the 
estimated associated second delay Will be increased until the 
second re?ection is found. It is necessary to add a condition 
to prevent overlap of the ?lters. 

Thus, the invention is not only able to handle a static pure 
delay by buffering data, it can adaptively increase as Well as 
decrease the buffer siZe as Well as handle an echo path With 
separated energy concentrations and distribute the ?lter 
coe?icients to cancel a distributed echo. 
Even though the invention has been described With ref 

erence to speci?c exemplifying embodiments thereof, many 
different alterations, modi?cations and the like Will become 
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apparent for those skilled in the art. The described embodi 
ments are therefore not intended to limit the scope of the 
invention, as it is de?ned by the appended claims. 

The invention claimed is: 
1. A method of an echo canceller, Which echo canceller 

includes a linear ?lter for generating an echo replica signal 
from ?lter coe?icients of delay taps and an input signal to 
the ?lter, the method including the steps of: 

a) applying a signal transmitted in the direction of an echo 
source as input signal to a signal buffer, the signal 
bulfer providing a delayed input signal to the input of 
the ?lter, Which delayed signal has a delay that is 
subject to control by control logic included by the echo 
canceller, characterized by repeatedly performing the 
steps of: 

b) determining, based on a predetermined ?rst mode 
sWitch condition, Whether or not it should be attempted 
to increase the delay of the input signal to the ?lter, and 
if the ?rst mode sWitch condition is met, entering an 
increase mode in Which, if a ratio betWeen a calculated 
measure based on a ?rst set of ?lter coe?icients and a 
calculated measure based on a second set of ?lter 

coe?icients is beloW a ?rst predetermined threshold, 
the buffer is controlled to increase the delay of the input 
signal; and 

c) determining, based on a predetermined second mode 
sWitch condition, Whether or not it should be attempted 
to decrease the delay of the input signal to the ?lter, and 
if the second mode sWitch condition is met, entering a 
decrease mode in Which, if a ratio betWeen a calculated 
measure based on a third set of ?lter coe?icients and the 
calculated measure based on the second set of ?lter 
coe?icients is beloW a second predetermined threshold, 
the buffer is controlled to decrease the delay of the 
input signal. 

2. The method as claimed in claim 1, Wherein the echo 
canceller includes a second linear ?lter for generating a 
replica of a second energy concentration of a re?ection from 
the echo source, Which replica of the second re?ection is 
included in the echo replica signal, said signal bulfer pro 
viding a second delayed input signal to the input of the 
second ?lter, Which second delayed input signal has a second 
delay Which is controlled by means of said control logic in 
accordance With step b) and c), thereby generating an echo 
replica signal including tWo separated energy concentrations 
of a re?ection. 

3. The method as claimed in claim 2, Wherein one or more 
additional linear ?lters are included in the echo canceller for 
generating, based on one or more corresponding additional 
delayed input signals from the signal bulfer having delays 
Which are controlled in accordance With step b) and c), an 
echo replica signal including one or more corresponding 
additional energy concentrations of a re?ection. 

4. The method as claimed in claim 1, including basing 
said ?rst and said second mode sWitch conditions on events 
Which are associated With a change of the echo path. 

5. The method as claimed in claim 1, including de?ning 
said ?rst and said second mode sWitch conditions to be met 
When a difference betWeen a received echo signal and the 
echo replica signal produced by the ?lter exceeds a ?rst error 
threshold. 

6. The method as claimed in claim 1, including de?ning 
said ?rst and said second mode sWitch conditions to be met 
at certain intervals under the control of one or more timers. 

7. The method as claimed in claim 1, Wherein 
said ?rst set of ?lter coe?icients includes coe?icients 

associated With short delays; 
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12 
said third set of ?lter coe?icients includes coe?icients 

associated With long delays; and 
said second set of ?lter coe?icients is representative of the 

full length of the ?lter. 
8. The method as claimed in claim 1, Wherein the calcu 

lated measures are energies in the form of sum-squares of 
the respective sets of ?lter coe?icients. 

9. The method as claimed in claim 1, Wherein said linear 
?lter is a ?nite impulse response (FIR) ?lter. 

10. The method as claimed in claim 1, Wherein the method 
is performed in an end-user equipment for telephony in 
order to cancel acoustic echo produced by cross-talks 
betWeen a loudspeaker and a microphone or by re?ections of 
the surroundings in Which the end-user equipment is located. 

11. The method as claimed in claim 1, Wherein the method 
is performed in a local telephony sWitch operatively con 
nected to an end-user equipment for telephony. 

12. The method as claimed in claim 1, Wherein the method 
is performed in a telephone sWitch operatively connected to 
a local telephony sWitch. 

13. The method as claimed in claim 1, Wherein the method 
is performed in a long distance telephone sWitch operatively 
connected to a local telephony netWork, or in a gateWay 
employed by such an operative connection. 

14. The method as claimed in claim 1, Wherein the method 
is performed in a mobile communications netWork, such as 
in a Mobile SWitching Centre, operatively connected to a 
telephony netWork, or in a gateWay employed by such an 
operative connection. 

15. The method as claimed in claim 1, Wherein the method 
is performed in an packet sWitched netWork operatively 
connected to a telephony network, or in a gateWay employed 
by such an operative connection. 

16. The method as claimed in claim 15, Wherein said 
packet sWitched netWork is an lntemet Protocol netWork. 

17. A computer-readable medium storing computer-ex 
ecutable components for causing an echo canceller, Which 
echo canceller includes at least one linear ?lter for gener 
ating an echo replica signal and a delay buffer for conveying 
a signal transmitted to an echo source as delayed input 
signals to each of said at least one linear ?lter, to perform the 
steps recited in of claim 1 When the computer-executable 
components are run on general purpose computer included 
by the echo canceller. 

18. An echo canceller including a linear ?lter for gener 
ating an echo replica signal from ?lter coe?icients of delay 
taps and an input signal to the ?lter, the echo canceller 
further including: 

a buffer memory interconnecting a transmission line for 
transmitting a signal in the direction of an echo source 
and an input of the ?lter; and 

control logic means connected to the buffer memory for 
controlling the delay of the signal conveyed by the 
buffer memory to the input of the ?lter, characterized in 
that the control logic means includes: 

?rst control circuitry for repeatedly determining, based on 
a predetermined ?rst mode sWitch condition, Whether 
or not it should be attempted to increase the delay of the 
input signal to the ?lter, and if the ?rst mode sWitch 
condition is met, entering an increase mode in Which, 
if a ratio betWeen a calculated measure based on a ?rst 

set of ?lter coe?icients and a calculated measure based 
on a second set of ?lter coe?icients is beloW a ?rst 
predetermined threshold, the buffer is controlled to 
increase the delay of the input signal; and 

second control circuitry for repeatedly determining, based 
on a predetermined second mode sWitch condition, 



US 7,366,118 B2 
13 

whether or not it should be attempted to decrease the 
delay of the input signal to the ?lter, and if the second 
mode switch condition is met, entering a decrease 
mode in which, if a ratio between a calculated measure 
based on a third set of ?lter coe?icients and the 
calculated measure based on the second set of ?lter 
coe?icients is below a second predetermined threshold, 
the bu?er is controlled to decrease the delay of the 
input signal. 

19. The echo canceller as claimed in claim 18, including 
a second linear ?lter for generating a replica of a second 
energy concentration of a re?ection from the echo source, 
which replica of the second re?ection is included in the echo 
replica signal, said bu?er memory being arranged to convey 
a second delayed input signal to the input of the second ?lter, 
which second delayed input signal has a second delay which 
is controlled by means of said ?rst and said second control 
circuitry, thereby providing an echo replica signal including 
two separated energy concentrations of a re?ection. 

20. The echo canceller as claimed in claim 19, including 
one or more additional linear ?lters for generating, based on 
one or more corresponding additional delayed input signals 
from the bu?er memory having delays which are controlled 
by means of said ?rst and said second control circuitry, an 
echo replica signal including one or more corresponding 
additional energy concentrations of a re?ection. 

21. The echo canceller as claimed in claim 18, wherein 
said ?rst and second control circuitry are arranged to base 
said ?rst and said second mode switch conditions on events 
which are associated with a change of the echo path. 

22. The echo canceller as claimed in claim 18, wherein 
said ?rst and second control circuitry are arranged to deter 
mine that said ?rst and said second mode switch conditions 
are met when a di?‘erence between a received echo signal 
and the echo replica signal produced by the ?lter exceeds a 
?rst error threshold. 

23. The echo canceller as claimed in claim 18, including 
one or more timers for controlling intervals, the intervals 
de?ning when said ?rst and said second mode switch 
conditions are met. 

24. The echo canceller as claimed in claim 18, wherein 
said ?rst set of ?lter coe?icients includes coe?icients 

associated with short delays; 
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said third set of ?lter coe?icients includes coe?icients 

associated with long delays; and 
said second set of ?lter coe?icients is representative of the 

full length of the ?lter. 
25. The echo canceller as claimed in claim 18, wherein the 

calculated measures are energies in the form of sum-squares 
of the respective sets of ?lter coe?icients. 

26. The echo canceller as claimed in claim 18, wherein 
said linear ?lter is a ?nite impulse response (FIR) ?lter. 

27. The echo canceller as claimed in claim 18, wherein the 
control logic means with its ?rst and second control circuitry 
are implemented by means of a digital signal processor, a 
general purpose microprocessor or one or more application 
speci?c integrated circuits. 

28. A system including of any one of the following 
equipments: 

an end-user equipment for telephony over a circuit 
switched or a packet switched network; 

a local telephony switch operatively connected to an 
end-user equipment for telephony; 

a telephone switch operatively connected to a local tele 
phony switch; 

a Mobile Switching Centre of a mobile communications 
network operatively connected to a telephony network; 
or 

a gateway interconnecting either a packet switched net 
work or a mobile communications network with tele 

phony network, 
and further including, as part of the equipment or con 

nected to the equipment, an echo canceller in accor 
dance with claim 18. 

29. A method for canceling acoustic echo produced by 
cross-talks between a loudspeaker and a microphone of an 
end-user equipment for telephony, or produced by re?ec 
tions of the surroundings in which the end-user equipment is 
located, comprising the step of canceling the echo by means 
of an echo canceller as claimed in claim 18. 

30. A method for canceling an echo signal produced by 
circuitry in a local telephony switch, comprising the step of 
canceling the echo signal by means of an echo canceller as 
claimed in claim 18. 


